ILLUSTEATIONS

INTRODUCTION
This report is an appraisal of the water resources of Pulaski and Saline Counties, Ark. It provides information on the occurrence, availability, and chemical quality of surface and ground water in sufficient detail to identify, locate, and describe the best potential sources of water. The need for a study was made apparent by the increased number of requests for water information. The number of requests in Pulaski County was particularly great. This county, containing 13.6 percent of the State's inhabitants, is the most populous in Arkansas. The area is becoming highly industrialized, and water use is increasing rapidly. Average water use in the Little Rock metropolitan area increased from 23 to 29 million gallons per day between 1962 and 1965. This study, which began in July 1962, was made by the Water Kesources Division of the U.S. Geological Survey in cooperation with the Arkansas Geological Commission. The report is based not only on information obtained specifically for this investigation, but also Bl on data collected previously as part of the continuing program of water-resources studies in Arkansas. Previous geologic and hydrologic studies in the project area include a number of reports. (See list of references.) Pulaski and Saline Counties, constituting an area of 1,506 square miles, lie in the geographic center of Arkansas ( fig. 1 ). The project area is bordered on the north by Perry and Faulkner Counties, on the east by Lonoke County, on the south by Jefferson and Grant Counties, and on the west by Garland County. The area is drained primarily by the Arkansas and Saline Eivers and their tributaries. A few square miles in northeastern Pulaski County is drained by tributaries of the White River. This two-county area is divided physiographically into a hilly western part, known as the Interior Highlands, and a relatively flat eastern part, known as the Coastal Plain. About twothirds of the area is in the Interior Highlands. Altitudes are lowest less than 250 feet in the Coastal Plain and highest more than 1,000 feet in the Interior Highlands.
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The two physiographic divisions of the Pulaski-Saline County area are topographically distinct primarily because of geologic conditions. The Interior Highlands are underlain by consolidated rocks. In contrast, the Coastal Plain is underlain by a thick sequence of unconsolidated sediments, which dip gently to the southeast. In this report 10 geologic units have been differentiated 1 in the highlands and 9 in the Coastal Plain. The lithologic and water-bearing characteristics of these units and their vertical relationships are summarized in table 1 and figure 2. The distribution of the units is shown on the geohydrologic map (pi. 1). Persons interested in a more detailed discussion of the geology are referred to the list of references at the back of the report.
The most significant chemical constituents and physical properties of surface and ground water are discussed in the 'body of the report. More complete analyses of water from wells are listed in in table 5 with table 4 , "Significance of dissolved mineral constituents and physical properties of natural waters," will be sufficient for some users. Those requiring more detailed information should refer to a publication by the California State Water Pollution Control Board (1952) entitled, "Water Quality Criteria."
WATER RESOURCES
The contrasting geologic conditions of the two topographically distinct divisions of the Pulaski-Saline County area have a definite effect on the water resources of the area. The consolidated rocks in the Interior Highlands have relatively low permeabilities, which limit the amount of ground water available and hinder its movement. The rocks are highly dissected, and the streams have steep gradients. Surface runoff, which averages 18 inches per year, is rapid and the streams crest and recede quickly, inhibiting flow of water from the streams to the ground-water reservoir. During high flow, water probably is held only temporarily in bank storage and released quickly to the streams at low stage. Perennial base flow occurs at only a few locations, and most of the tributaries cease to flow during periods of drought.
In contrast to the rocks of the Interior Highlands, the higher permeabilities of some of the Coastal Plain sediments favor the transmission of water, and greater amounts of ground water are available.
Relief in the Coastal Plain is slight, and streams are sluggish. There are many swampy areas in the eastern part of Pulaski County along the Arkansas River. Tributary streams are not sufficiently incised to in- Clay and silt grading downward into sand and gravel; in places bordered or underlain by terrace deposits consisting of dark-red clay and white sand. The basal sand and gravel unit yields from 300 to 2,000 gpm of water to wells.
Gray, green, bluish, cream, and ocher silty clay interbedded with brown carbonaceous clay, thin lignite beds, and medium to coarse sand. Yields small quantities of water to domestic wells.
Continental homogeneous tan or gray fine to medium sand containing layers and lenses of gray silty clay; locally contains a bed of dark-brown woody lignite at the base. Utilized only for domestic supplies in the report area.
Well yields up to 860 gpm reported 12 miles south of Saline-Grant County line.
Dark-chocolate-brown silty to sandy carbonaceous clay interlaminated with white micaceous sand and containing scattered lignite and siderite layers; grades upward into dark-brown medium to coarse sand. A large deposit of gravel and coarse sand in the lower part fringes the highlands. Well yields are unpredictable, and test drilling is advisable.
Greenish-to bluish-gray silty clay and grayish-green fine sand alternate with lignite, black lignitic and brown carbonaceous clay, and hard layers of siderite. Bauxite deposits fringe the syenite hills. Not a good source of water because of lack of coarse materials.
Nature of materials unknown, but apparently too fine grained to yield more than 1 or 2 gpm to wells in Jacksonville area and south of Benton.
Dark-bluish-gray to black silty clay containing layers of siderite. Varicolored clay occurs at the top in places. Does not yield water to wells.
Greenish-gray and dark-gray clay, sandy in places, interbedded with marl, sandy glauconitic limestone, and calcareous sandstone. Well yields up to 350 gpm are obtainable from the limestone and sandstone.
Light-gray or bluish igneous rocks containing pendants of altered older rocks. Does not yield water to wells.
Sandstones, shales novaculite, and chert. Well yields normally are 10 gpm or less, although the highly shattered cherts have yielded up to 200 gpm in Garland County. Well yields are dependent on local conditions, and dry holes are common. Well depths normally are less than 150 feet.
tersect the water table, and therefore most streams that originate in the Coastal Plain cease to flow during extended dry periods. The minimum average flow for 7 consecutive days that is expected to occur once each 2 years (2-year recurrence interval) is considered to be a good index of the stream's low-flow character, and thus it is a measure of the stream's ability to meet a required water need.
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This streamflow statistic is referred to as the 7-day, 2-year low flow. On the streams investigated in Pulaski and Saline Counties, the 7-day, 2-year low flow is available 90-95 percent of the time. For example, the 7-day, 2-year low flow of the Arkansas River at Little Rock is 4,100 cfs (table 2) , and it will be equaled or exceeded more than 90 percent of the time.
Some water-supply studies are concerned with minimum average flows for several different periods of time and recurrence intervals. In addition, the complete range of daily-flow duration is useful for comparison of physical differences between streams. Therefore, average flows for arbitrary periods from 7 to 120 days with recurrence intervals from 1.2 to 20 years and selected flow-duration values from 1 to 95 percent are shown in table 2.
Upstream reservoirs that are proposed or under construction (1965) on the Arkansas River will affect the flow at Little Rock to the extent that minimum flows will be increased about 50 percent, and maximum flows will be reduced. At present (1965), the average annual flow in the Saline River at Benton is reduced about 30 35 cfs by diversion from Lake Winona to the Little Rock water system, and about 2.0 cfs by diversion from the stream to the Benton water system. Lake Winona, supplied by runoff from 43.5 sq. mi. of the Alum Fork watershed, and Lake Norrell, supplied by runoff from about 5 sq. mi. of the North Fork watershed, have only minor effects on maximum and minimum flow of the Saline River at Benton. However, water released from Lake Nbrrell increases the flow at Benton considerably during dry periods.
Low-flow-frequency and flow-duration information, based on discharge measurements, has been estimated for nine tributary streams in the interior Highlands and is summarized in table 3. The data for these sites show the variation in low flow between streams and direct attention to areas where streams are suitable for water supply. Table 3 shows that the average flow of Middle Fork at Crows is about 150 cfs, the 7-day, 2-year low flow is 3.6 cfs, and 90 percent of the time the flow will be at least 6.4 cfs.
Although many of the Interior Highland streams have dependable water supplies without storage, the amount of water available could be increased considerably by the construction of reservoirs. The topography in the highlands is suitable for reservoir construction as shown by Lakes Norell, Winona, and Maumelle, which have total capacities of 6,600, 43,000, and 208,000 acre-feet, respectively. The U.S. Army Corps of Engineers has recommended a multipurpose reservoir at Benton to provide flood control, water supply, and recreation, with basic facilities for future power installation. The proposed reservoir would have a capacity of 979,900 acre-feet at the flood-control pool altitude of 385.0 feet above mean sea level. The Dr ai ns Pul a s ki Count y game ri is us ef ul for as much as 0. 02 cfs Fl ow of s p r i n g -f e d upper t r i but a i t r a n s p i r a t i o n and s e e p a g e duri Do. ill ^. 1
Based on yield of Lake Wi n o n s Cr ows wi t h s t or age of 80, 000 aci Based on yield of Lake Wi non
Cr ows wi t h s t or age of 110, 000 a< Spr i ng fed by t r i b u t a r i e s in Gar l a fl ow at l east 1.3 cfs si nce 1957. F r e q u e n t l y r e c e de s to no fl ow. Based on yield of pr opos e d r esei a v a i l a b l e wi t h s t or age of about P e r e n n i a l fl ow is e f f l u e n t froi P o o r -q u a l i t y wat er . 
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portion of storage allocated to water supply by the Corps of Engineers is sufficient to yield 300 mgd (million gallons per day), which has been estimated to be the ultimate need for municipal and industrial uses and stream-quality maintenance in the vicinity of Benton.
The following discussion of the chemical quality of surface water, although categorized under "Interior Highlands," applies equally to the Coastal Plain. The water samples were taken at or near the boundary between the highlands and the plains, and no significant change in water quality is expected to occur with the debouchment of the streams onto the plain.
Quality of water, Arkansas River. Because the quality of the Arkansas River water varies considerably with time, only the extremes of certain selected constituents and properties are discussed. Daily samples of the river water at Little Rock have been taken since October 1945 to determine conductance and chloride content. These samples are composited for a period of 1-30 days, according to the conductance, and partial or complete analyses are then made on the composites. These analyses are found in the U.S. Geological Survey Water-Supply Papers dealing with quality of surface waters, given in the list of references.
Extremes at Little Rock between 1945 and 1964 were as follows:
Dissolved solids: Maximum, 2,400 ppm (parts per million) Nov. 28-29, 1953; minimum, 105 ppm Mar. 3, 1957 . Hardness: Maximum, 556 ppm Nov. 28-29, 1953 minimum, 46 ppm Feb. 2-4, 9, 12-18, 1957, and Mar. 9-26, 1964 . Specific conductance: Maximum, 5,050 micromhos Apr. 8, 1954; minimum, 173 micromhos Feb. 4, 1957 , and Nov. 20, 1958 . Water temperature: Maximum, 98°F Aug. 16, 1954 , and July 5, 1956 ; minimum, the freezing point on several days during December, January, and February of some years.
Arkansas River water is predominantly of the sodium chloride type (sodium and chloride are the dominant dissolved chemical constituents) , and is characterized by wide variations of dissolved-solids and sediment content, in both time and place. The current multipurpose project, by the U.S. Army Corps of Engineers, for improvement of the Arkansas River and its tributaries in Arkansas and Oklahoma should reduce considerably the day-to-day fluctuations in dissolvedsolids and sediment content.
Quality of water, Saline River. Dec. 16, 1949 , Jan. 5, 1950 , Jan. 30-31, Feb. 4, 1951 .
GROUND WATER AND ITS QUALITY
Ground water in the Interior Highlands is obtained from a thick sequence of sandstone, shale, slate, chert, and novaculite (unit 1, pi. 1). The type of opening in which water occurs varies according to whether the opening is in the zone of alternate wetting and drying or in the zone of saturation. The lowest level of the water table separates these zones. Weathering has altered the rock above the water table to soil and "rotten rock," which together attain a maximum thickness of about 20 feet. The materials in the weathered zone are more porous and permeable than the original unweathered rock, and water occurs between the individual soil particles. Weathering has not affected the rock below the water table, and ground water occurs in secondary openings such as joints, fractures, and solution channels.
Ground water moves in the direction of slope of the water table. In the weathered zone this slope generally follows the topography. In the unweathered zone the slope of the water table is controlled mainly by geologic structure, and ground water generally moves toward the synclinal axes and away from the anticlinal axes.
Permeabilities are relatively low in the rocks of unit 1. Wells drilled into these rocks seldom yield more than 5-10 gpm (gallons per minute). However, wells in the highly shattered cherts have yielded as much as 200 gpm at some locations in adjoining Garland County. Generally, wells in the rocks of unit 1 are less than 150 feet deep. Water levels in the wells range from at or near land surface to about 85 feet below land surface. Maximum water-level fluctuations normally do not exceed 10-20 feet during a given year, although the levels in certain wells may fluctuate as much as 80 feet in a 6-month period.
Several factors control the depth to water in unit 1. Precipitation has a direct effect, in that periods of heavy rainfall are accompanied by corresponding decreases in depth to water. Conversely, dry periods are coincident with increases in depth to water. Depth to water is generally directly related to the topography of the area. Depth to water is greater in wells on the crests or slopes of ridges than in those in the nearby valleys.
Water from wells in the rocks of unit 1 may vary from a bicarbonate to a sulfate type. In 13 samples iron concentrations ranged from 0.01 to 0.74 ppm, dissolved solids from 72 to 414 ppm, and hardness from 12 to 330 ppm.
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WATER-SUPPLY POSSIBILITIES IN THE COASTAL PLAIN SURFACE WATER AND ITS QUALITY
The water-supply potential of streams flowing out of the Interior Highlands does not improve as the streams traverse the Coastal Plain. Tributary stream channels in the Coastal Plain are not sufficiently incised to intersect the ground-water table, precluding the possibility of a ground-water contribution to low flows. Minimum flows of the Arkansas and Saline Rivers, however, are increased slightly by groundwater inflow in the Coastal Plain, but the increase is assumed to be a small percentage of the total flow and therefore does not significantly change water quality or flow characteristics.
Low-flow-frequency and flow-duration information for the Arkansas and Saline Rivers, shown in table 2, is applicable to those parts of the streams in the Coastal Plain of Pulaski and Saline Counties. Estimates of water-supply characteristics for two tributary streams (sites 5 and 14, pi. 1) in the Coastal Plain are shown in table 3. This table shows that the average flow of Hurricane Creek at Sardis is 90 cfs, the T-day, 2-year low flow is 1.0 cfs, and 90 percent of the time the flow will be at least 1.8 cfs. However, minimum flows in Hurricane Creek at Sardis represent effluent from an alumina processing plant, which is supplied with water from Hurricane Lake. The data are useful as an indicator of the water supply available when storage is provided.
Without storage facilities, most Pulaski and Saline County streams that originate in the Coastal Plain are without dependable water supplies and cease to flow during dry periods. Storage on most tributary streams in the Coastal Plain is limited to inchannel facilities. The flat topography is unsuitable for large reservoirs except for the main stem of the Saline River, which follows a pronounced depression about 2 miles wide and about 50 feet lower than the adjacent terraces.
GROUND WATER AND ITS QUAUTY
Although nine geologic units are exposed in the Coastal Plain part of the report area (pi. 1, table 1), only three units 3, 7, and 9 are of major importance as sources of water. Unit 2, which consists of granitic-type igneous rocks, does not yield water to wells. Unit 4, a dark-bluish-gray to black clay, also does not yield water to wells. Units 4A, 5, and 8 consist of materials that are too fine grained to be good sources of water. Wells in units 4A, 5, and 8 will yield only very small quantities of water at best. Unit 6 varies considerably in lithology, both horizontally and vertically. Although the upper sand yields water to shallow wells, drillers report difficulty in obtaining even domestic supplies in those areas where the dark-chocolate-brown clays in unit 6 are close to the surface.
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One note of caution is advocated. Some of the analyses of water from wells in unit 6 (table 5) show a rather high concentration of nitrate (over 45 ppm). Seepage into the wells from the surface probably causes the high nitrate content. Water with nitrate concentrations greater than about 45 ppm may be harmful to infants, because it could result in methemoglobinemia, the so-called "blue-baby" disease. Proper curbing and well sealing near the surface would prevent contamination by seepage from the surface.
Unit 3, one of the three major aquifers, consists mainly of intergrading and interfingering beds of claystone, calcareous sandstone, sandy limestone, marl, and conglomerate in that order of abundance and includes minor beds of arkose, kaolin, and lignite (Gordon and others, 1958, p. 14) . Where this unit is exposed at the surface, its measured thickness ranges from 7^ to nearly 60 feet. At depth the unit is thin or locally absent along the flanks of buried hills of igneous rock (pi. 1). The unit thickens rapidly eastward and attains a maximum known thickness of 185 feet. Very little is known about unit 3 in extreme eastern Pulaski County (pi. 1). However, it should not be overlooked as a possible source of supply in this area if suitable water is not obtained at shallower depths.
The sandstone and sandy limestone of unit 3 offer good prospects for water. Well yields as great as 350 gpm have been reported. A 40-gpm well near Mabelvale, T. 1 S., R. 13 W., had a reported drawdown of 6-7 feet, giving a specific capacity of approximately 6 gpm per foot of drawdown. A number of wells have been developed in the Mabelvale-Vimy Ridge-Bauxite area. Water levels in these wells range from 11 to 86 feet below land surface.
Wells developed in the arkose and conglomerate beds of unit 3 sometimes flow. One domestic well flowed 10 gpm when drilled. These beds are best developed near the upslope lip of the unit, particularly along the slopes of buried hills of igneous rock.
Wells in unit 3 yield a sodium bicarbonate water in some areas, and a calcium bicarbonate water in others, with no predictable pattern of occurrence. In six samples iron concentrations ranged from 0 to 0.3 ppm, dissolved solids from 178 to 426 ppm, and hardness from 57 to 154 ppm.
Unit 7, the second of the three major aquifers, consists of a homogeneous tan or gray fine to medium, loosely packed sand, containing some interbedded gray clay lenses. A conspicuous lignite bed is present locally at the base. The thickness of this unit ranges from 207 to 412 feet and averages 320 feet (Gordon and others, 1958, p. 56) .
Hydrologic data are lacking for unit 7. The outcrop area is sparsely populated, and the aquifer is tapped by only a few shallow domestic wells in the Sardis area. These wells are designed to yield no more than 8-10 gpm, and little information as to the potential yield of the aquifer can be obtained from them. However, two wells at Sheridan, about 12 miles south of the Saline-Grant County line, yield 600 and 860 gpm, respectively, from this unit. The yields of these wells suggest that the unit should be capable of yielding large quantities of water in the outcrop area and in the subsurface to the southeast (pi. 1).
Yields in the project area are highest from wells drilled in unit 9. This unit consists of terrace deposits and alluvium. The terrace deposits consist of a maximum thickness of about 60 feet of dark-brickto salmon-red clay, containing a variable amount of fine silt that grades locally into sand. The sand is common toward the top of the unit. Although not differentiated in plate 1, the terrace deposits border the highlands north of the Arkansas River. South and west of the Arkansas Eiver, the eastern limit of these deposits extends south from College Station and approximately coincides with U.S. Highway 65. The western limit is the contact with units 6 and 8. South and west of the river, wells in the terrace deposits yield little water.
The alluvium consists of a relatively thick sequence of fluvial deposits which cover the eastern part of the project area, exclusive of the terrace deposits. The alluvium was deposited by the Arkansas and Mississippi Rivers, and it blankets much of the eastern half of Arkansas and adjacent States. It also includes the flood-plain deposits of the Saline River, Fourche Creek, and the Arkansas River northwest of Little Rock (pi. 1).
The predominant characteristic of the alluvium is the change from gravel or coarse sand at the base, to fine material at the top. The alluvium may generally be divided into two parts: a lower part consisting of gravel and sand with minor amounts of silt and clay, and an upper part consisting of silt and clay with minor amounts of sand. The alluvium attains a maximum thickness of 120 feet in eastern Pulaski County but is much thinner along the Saline River, Fourche Creek, and the Arkansas River northwest of Little Rock.
Well yields as high as 1,000 gpm have been reported from the basal sands and gravels of unit 9 in the Coastal Plain part of the project area, and wells may yield 2,000 gpm in some areas. However, such high yields are not available from the alluvium of Fourche Creek and of the Saline River because those deposits are too thin (generally less than 30 ft.) and too fine grained.
Northwest of Little Rock, well yields ranging from 300 to 700 gpm are obtainable from the alluvium deposited by the Arkansas River (Bedinger and others, 1963, p. L27) .
Depths to water in wells in the alluvium deposited by the Arkansas River range from 5 to 35 feet below land surface northwest of Little B14 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES Kock. Annual fluctuations of water levels rarely exceed 20 feet. The water levels generally respond to changes in river stage, rising and falling with the river. However, the effect of changes in river stage on ground-water levels diminishes with increasing distance from the river (Bedinger and others, 1963, p. L13) .
In eastern Pulaski County and in a small area in southeastern Saline County, depths to water in the alluvium range from 10 to 40 feet. Annual fluctuations of levels seldom exceed 10 feet and are caused by seasonal changes in pumpage and by variations in the rates of recharge from precipitation and discharge by evapotranspiration. Water levels normally begin to decline in late spring, reach their lowest point in the late summer or early fall, and rise to their highest point in the spring.
Wells in unit 9 yield a calcium bicarbonate-type water whose dissolved-mineral constituents and physical properties vary greatly. Iron concentrations in 90 samples ranged from 0.1 to 52 ppm, dissolved solids in 3 samples from 242 to 327 ppm, and hardness in 76 samples from 6 to 505 ppm.
CONCLUSIONS
Alum Fork, Middle Fork, and North Fork of the Saline Kiver offer excellent impoundment possibilities. Alum Fork at Crows will yield 55-65 cfs with storage of 80,000 acre-feet; Middle Fork at Crows will yield 75-90 cfs with storage of 110,000 acre-feet; and North Fork at Benton will yield 110 cfs with storage of 158,000 acre-feet. However, the ultimate development of the Saline Kiver is the proposed dam at Benton, which would yield 465 cfs for water-supply purposes. Most of the smaller streams in the Interior Highlands part of the study area generally go dry in midsummer, but with storage they would be suitable for development of small surface-water supplies. The Arkansas Kiver with a 7-day, 2-year flow of 4,100 cfs, or more than 2.5 billion gallons per day, is sufficient for any foreseeable development in areas accessible to the river.
Ground-water yields in the project area vary considerably. The consolidated rocks of the Interior Highlands generally yield less than 10 gpm of water to wells, although larger amounts may be obtained locally. In the Coastal Plain part of the area, the limestone and sandstone of unit 3, the sand of unit 7, and the basal sand and gravel of unit 9 offer the best possibilities for water. Wells in unit 3 yield as much as 350 gpm, and unit 7 could probably yield large amounts of water. Maximum yields of unit 7 in the project area are unknown, although yields of as much as 860 gpm are reported 12 miles south of the area. Yields from wells in unit 9 range from 300 to 700 gpm in the Arkansas Kiver valley northwest of Little Kock to 2,000 gpm in eastern Pulaski County. Prospects of obtaining water from the alluvium deposited by the Saline Kiver and Fourche Creek are poor. Hydrogen-ion concentration (pH).
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Dissolved in small to minute quantities from most rocks and soils.
Decaying organic matter, legume plants, sewage, nitrate fertilizers, and nitrates in soil.
Chiefly mineral constituents dissolved from rocks and soils. Includes any organic matter and some water of crystallization. In most waters nearly all the hardness is due to calcium and magnesium. All the metallic cations other than the alkali metals also cause hardness.
See sodium.
Temperature.
Mineral content of the water.
Acids, acid-generating salts, and free carbon dioxide lower the pH. Carbonates, bicarbonates, hydroxides, phosphates, silicates, and borates raise the pH.
Fluoride in drinking water reduces the incidence of tooth decay when the water is consumed during the period of enamel calcification. However, it may cause mottling of the teeth depending on the concentration of fluoride, the age of the child, the amount of drinking water consumed, and the susceptibility of the individual. Higher values denote increasing alkalinity; lower values, increasing acidity. pH is a measure of the activity of the hydrogen ions. Corrosiveness of water generally increases with decreasing pH. However, excessively alkaline waters may also attack metals. Affects usefulness of water for many purposes.
Most users desire water of uniformly low temperature. In general, temperature of shallow ground water shows some seasonal fluctuation, whereas temperature of ground water from moderate depths remains near the mean annual air temperature of the area. In very deep wells, water temperature generally increases about 1°F for each 60-ft increment of depth.
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Well IN-IIW-l5bdb
Well-numbering system. 
